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NATURE OF THE PLASTIC TOY INDUSTRY
The major industries in Hong Kong are comprised of textiles,
plastics, electrical appliances, metalware, footwear and travel
goods. The exports of these industries are shown in Table 1.
From the point of view of exports, the plastics industry is the
second largest industry in Hong Kong. The plastics industry
includes a wide range of goods: namely, toys, artificial
flowers and household utensils. Toys and dolls were the biggest
export dollar earner for the plastics industry. In 1970 the
export value of plastic toys was HK$ 872 million, while the
total exports of Hong Kong were HK$ 12,346 million. Plastic toy
exports amounted to 7.1% of total Hong Kong exports in 1970.
The export value of plastic toys increased from HK$ 504 million
in 1967 to HK$ 876 million in 1970, as shown in Table 2. The
United States, the United Kingdom, Canada and West Germany
were the main buyers of Hong Kong's plastic toys. The export
values to these countries are shown in Table 3. In 1970 the
number of plastic toy factories was 1,032; this amounted to
6.0•% of the total industrial undertakings in Hong Kong
(17,239). The number of plastic toy factories increased from
605 in 1967 to 1,032 in 1970, as shown in Table 4. From
2the point of view of the number of workers, in 1970 the number
of workers in the plastic toy industry was 32,028; this amounted
to 5.k% of the total industrial employment in Hong Kong (589,505).
The number of workers in plastic toys increased from 24,294 in
1967 to 32,028 in 1970, as shown in Table 5.
Now we have seen that the plastic toy industry is growing
very rapidly and occupies an important position in the industries
of Hong Kong. But the plastic toy industry is not wothout its
difficulties. Like most of the other industries, the main
problems of this industry are the shortage of labour, the
increasing cost of porduction, and keen competition from Taiwan and
Japan. The plastic toy market is competing on the basis of
designs, quality, price and safety. To meet the competition,
plastic toy manufacturers have to produce more sophisticated
toys and to use more elaborate product planning methods in
order to maintain their position in the world's markets. In
1968, a Hong Kong toy manufacturer was accused by a British
firm of producing a toy that contained too much lead in the
paint, so that it was dangerous to children. This case obviously
would have a negative influence on the reputation of Hong Kong's
toys. Thus, effective quality control is essential to the
Hong Kong Plastic toy industry.
3Table 1.
The exports of the Major Industries in Hong Kong.
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4Table 3.
Export Values of Elastic Toys for Principal Markets
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5Table 5.
Number of Workers in Hong Kong's Plastic Toy Industry
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6OBJECTIVE AND SCOPE OF THIS STUDY
Competition in the market for toys is based on price and
quality. But low price and high quality are always incoripatible.
What we mean by quality is the quality that will satisfy customers
at a reasonable or competitive price. In order to make a profit
at a given price, a firm must cover its costs of production.
In this thesis the major concern is the quality control methods
employed in the plastic toy industry; how the manufacturers
cover their costs of production will not be dealt with. In view
of the importance of quality for plastic toys and the value of
exports of plastic toys from Hong Kong, a study of the quality
control methods currently employed in this industry is desirable.
In this study, there are four objectives:
1. To determine manufacturers' attitudes towards quality.
2. To determine how the quality specifications are established.
3. To determine methods of inspecting products and recording
data.
4. To evaluate the existing quality control methods and make
whatever suggestions seem appropriate.
In order to help the readers understand the quality control
methods, some principle production techniques of plastic products
are discussed in Chapter 2. In Chapter 3 the general concept of
quality control is introduced. Chapter 4 deals with the
7analysis of the existing quality control methods use in
the plastic toy industry in Hong Konh. Chapter 5 is an
evaluation of these methods; it also included suggestions
for certain improvements.
METHODOLOGY
For collecting secondary data, the author visited the
libraries of the Chinese University of Hong Kong, Hong Kong
University, The Hong Kong Management Associption, The Hong Kong
Productivity Center, City Hall and the Urban Council Libraries.
However, there are hardly any articles about quality control
of plastic products, and there are also very fear publications about
the toy industry in Hong Kong. The author can find only one
book about Hong Kong Toy Industry; it is The Hong Kong Toy
Industry With Emphasis on Export I1arketing Analysis, written
by Mr. CHANG Hoi-kau.
The secondary data were collected from Hong Kong Trade
Statistics, the Annual Report of the Federation of Hong 1Kon
Industries, and the Year Book of the Chiu Chau Plastic Manufacturers'
Assiciation. Other secondary resources were the books listed
in the bibliography.
The method of collecting primary data was mainly by sending
questionnaires to selected plastic toy manufacturers in Hong Kong.
In order to develop the questionnaire, the author has referred
8to some books about quality control and testing of plastic
products. He also had a personal interview with the quality
control manager of Hong Kong Industrial Company Ltd., IIr.
K.S. Chow. The addresses of the manufacturers were taken from
Red Book, published by The Hong Kong Trade Development Council
in 1969 (the latest one). The sample for the survey was the
plastic toy manufacturers that had more than 50 employees, as
indicated in Red Book. The sample size was 135 whereas the
population size was 649.
There were only four responses to the questionnaire after
the initial mailing.
9CHAPTER II
PRIRCIPAL PRODUCTION TECHNIQUES USED IN THE PLASTIC TOY INDUSTRY
In the plastic toy industry in Hong Kong, the general production
methods are compression molding, injection molding, transfer molding,
extrusion molding, blow molding, casting, decorating and assembly.1
These techniques are discussed as follows:-2
A. COMPRESSION MOLDING
Compression molding is that a two piece mold provides a cavity
having the shape of the desired molded article. The mold is heated.
An appropriate amount of molding material is loaded into the lower
half of the mold. The two parts of the mold are brought together
under pressure. The compound, softened by heat, is thereby
welded into a continuous mass having the shape of the cavity. This
mass must then be hardened, so that it can be removed without
distortion when the mold is opened.
1Personal interview with Mr. Edmund K.S. Young, technical
manager of Perfekta Enterprises Ltd.
2See reference listed at the end of this chapter.
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The sequence of operation constituting the molding cycle
is as follows:
1) open the mold;
2) eject the molded articles;
3) place articles in shrink or cooling fitures when necessary
to matain close dimensional tolerances;
4) remove all foreign matter and flash from the mold, usually
by air blast, and lubricate the mold if necessary;
5) place inserts or other loose mold parts, if any;
6) load molding compound (powder or preforms, cold or
preheated);
7) close the heated mold (breathe if necessary);
8) for thermosetting materials, hold under heat and
pressure until cure is completed. Certain materials
require cooling under pressure; for thermoplastic
materials, hold under pressure and cool to harden
the article;
The temperature of the mold and the pressure applied are
extremely important, and it is advisable to follow the recommendations
of the manufacturer for each grade of material used.
There are five very important variables in the compression
molding of thermosetting materials which determine the pressure
required to produce the best molding in the shortest length of
time. These are as follows:
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1) Design of the article to be produced;
(a) projected area and depth
(b) wall thickness
(c) ribs
(d) obstruction to vertical flow (such as pins
louvers, and sharp corners)
2) Speed of press in closing:
(a) use of fast-acting slow-acting self-contained
press
(b) use of fast-acting press served by hydraulic line
accumulator system
(c) capacity of accumulator to maintain constant
follow-up of pressure on material
3) Plasticity of material:
(a) degree and type of preheating
(b) density of charge (preform or powder)
(c) position of charge in cavity
(d) mobility of resin under pressure
(e) type of filler (woodflour, cotton flock, macerated
fabric, asbestos, glass or mica)
4) Over-all temperature of mold: temperature variations
within cavity and force of mold
5) Surface condition of mold cavity and force:
(a) highly polished chrome-plated surface
(b) polished steel
(c) poor polish (chromium plating worn; pits, gouges
and nicks
12
Molding pressures required for most thermosetting materials
follow the pattern established for phenolic materials.
Conventional phenolic materials loaded at room temperature,
i.e., without preheating, require a minimum pressure of 3,000 psi
on the projected and land area for the first inch of depth of the
molded article, plus 700 psi for each additional inch of depth.
Efficient high frequency preheating, howevef, may reduce the
required pressure to as low as 100 psi on the projected land
area, plus 250 psi for each additional inch of depth. The
pressure required on high-impact materials may reach 10,000 psi
to 12,000 psi. These recommendations of pressure are predicated
on minimum press-closing speeds of 1 inch per second. The flow
characteristics of thermosetting molding materials are changing
continually during the molding, and the effect of this is
particularly noticeable in slow-closing presses.
Low-pressure phenolic molding materials, efficiently preheated
by high frequency, require a minimum of 350 psi on the projected
mold area, plus about 100 psi for each additional inch of depth.
The time required to harden thermosetting materials is
commonly referred to as the cure time. Depending upon the type of
material, preheat temperature and thickness of the molded article,
the time may range from seconds to several minutes.
B. INJECTION MOLDING
Injection molding is based upon the ability of a thermoplastic
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material (by definition) to be softened by heat and to harden when
cooled. No chemical change takes place when the material is heated
or cooled. Hence the cycle of softening and hardening can be
repeated any number of times, within the limits imposed by any
cumulative degradation caused by exposure to heat.
The basic principles of injection molding have been borrowed
from the older art of die-casting. Granular molding material
is fed into one end of a heated cylinder, heated and thereby
softened (plastified) in the heating chamber, and pushed out the
other end of the cylinder through a nozzle into a relatively
cool closed mold, where it hardens, and the finished molded
article cah then be removed.
In order to provide time for the heating of each successive
charge of molding material (which is a poor conductor or heat),
the heating cylinder is designed with sufficient capacity and
length to hold a number of charges, from four to eight, as a rule.
It is kept filled by metering the fee, either by volume or by
weight, to balance exactly the delivery of softened material into
the mold. Thus at all times the cylinder contains a number of
successive charges in progress from the cold feed end through
the heating zones to the delivery or nozzle end. When volumetric
feeding is used any variation in the size of the granules (or the
use of reground mixed with virgin material) will result in a
variation in the weight of material fed to the cylinder. If the
feed is too great, the amount of material in the cylinder.,grLc a 1,ly
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increases. As the material increases, the amount of pressure
required to push it through the cylinder increased, with the effect
that less pressure is available to fill the mold. This can cause
weak or poorly filled moldings. If the feed is too small, then
obviously the material decreases to a point where there is not enough
to fill the mold.
An effective way of controlling the feed more accurately is by
a weigh feeder which feeds the same weight in each cycle, regardless
of the shape or size of the granules. With this method of feed
control, it is often possible especially with single-cavity molds,
to feed the material so accurately that the injection plunger can be
made to bottom on each stroke, with no underfilled or overpacked
moldings. Such a situation is very desirable, because shorts are
obviously scrap and because overpacking may cause mold flashing, or
inreduce excessive strains in the molding, or simply use more
material than is necessary.
Within the heating cylinder is mounted a spreader or "torpedo",
which diverts the material into constricted channels where it may
be more uniformly heated and softened. The delivery end of the
cylinder is fitted with a nozzle, containing a small orifice, that
fits tightly against a bushing, which gives entry into the closed
mold, this opening into the mold is known as the "sprue". In a
single-cavity molds, the sprue delivers the plastic either directly,
or through a restriction termed the "gate", into the mold cavity.
In multi-cavity molds, intermediate channels known as "runners"
carry the material from the sprue to the gates of the cavities.
15
The terms "sprue", "runner", and "gates" are used not only to
designate these channels, but also the corresponding parts of the
single continuous piece of hardened plastic as removed from the riold.
The gate is restricted to facilitate separation (degating) of
the molded article from the runner or sprue. The process of
degating has been defined somewhat by many molders. The use of
pin-point gates in a three-plate mold, for example, makes it possible
to separate the molded article from the runner by mechanical means
opening the mold, and thus to eliminate a hand operation.
This same operation of automatic degating is made possible
with a simpler and less expensive two-plate mold by the use of
"-Funnel" gating. In this method the plastic flows through the sprue
and runners, which are located at the parting line as in a
conventional mold. The gate, however, is not formed at the parting
line, but is in a tunnel drilled from the end of the runner to the
cavity at a point below the parting line. When the knockout system
pushes on bothe the molded article and the runner, the gate is
automatically broken by the parting face of the mold.
The pressure required to push the molding material through
the heating cylinder and into the mold can vary from 10,000 to
25,000 psi. Suitable hydraulic controls are used to adjust the
pressure to the specific molding operation. I t is variously
estimated that from 25 to 75 percent of this injection pressure is
transmitted into the mold, where it must be resisted by the mold clamp.
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The temperature to which the material has to be heated in the
cylinder depends on several factors, but it is usually between 150 C
and 300 C. Thermoplastics, except nylon, do not have clearly defined
softening points, but rather become progressively more fluid over
a wide range of temperatures. The maximum and minimum temperatures
between which a material can be molded may be only 5 degrees apart,
or they may be as much as 50 degrees apart, depending upon the
material, the design of the mold, the machine, and the article to be
molded. Below the minimum temperature, the molded pieces will not
be completely filled out, will show obvious weld and flow marks,
and will have a dull, lusterless surface. Above the maximum
temperature, their surfaces will show birds-eyes, striation, scales,
burns and sink marks. There may also be flash, which the mold
should be allow, and ever discolouration and decomposition.
Exact control of the cylinder temperature is a vital factor in
injection molding. Much work has yet to be done on the design of
heating cylinders and on the methods of instrumentation to provide
more exact control of the temperature of the plastic. Selective
location of thermocoupless for indicating and controlling pyrometers,
together with improved design of flow channels in the heating cylinder,
has resulted in improved machinery available to the injection molder.
The temperature of the injection mold is held low enough to
cause the molded article to harden so that it can be removed from the
cavity after the mold opens. In order to produce articles relatively
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free of internal stresses, with good surface appearance and well-knit
weld or flow lines, the mold is ordinarily heated somewhat, but not
enough to slow the cycle or to cause distortion of the article on
ejection. In this regard it is very important to provide sufficient
water lines to maintain the temperature of the mold constant
over its entire surface.
Unless it is impossible, water lines should be placed in the
cavity block itself, rather than in the surrounding frame. The
temperature of the water flowing through these cooling lines
should be accurately maintained by means of thermostatically controlled
automatic mold-temperature regulators. A large volume of relatively
warm water is far superior to a slow trickle of cold water in
maintaining uniform mold temperatures.
The ultimate strength and heat resistance of an injection-
molded article depend very much on the cond;.tions used during
the molding operation. Material manufacturers supply data on
the physical and thermal properties which represent the optimum
properties to be expected from the material. The actual performance
of a molded item may be significantly different from that predicted





















In transfer molding, the material, usually preformed, and
preheated dielectrically or by steam, is introduced, in a softened
semiplastic state, into a chamber called a "pot" or "well", separate
from the mold cavity. From this it is forced by pressure through
one or more orifices into the heated mold cavity or cavities. In
certain pot-type transfer molds, intended for operation in
compression presses, the orifice from the pot connects with channels,
called runners, leading to the individual mold cavities; in others,
operated also in compression presses, the orifice leads directly
into the mold cavity, without any intervening runners. In some
large multiple-cavity molds of this type, an individual pot may
be used for each cavity. The typical mold is shown in Fig. 2.
The channel from the pot is called the "sprue", and this term
is applied also to the material occupying it; the term "runner"
is applied both to the channel leading from the sprue bushing,
or the well, to the cavities, and also to the material occupying
these channels. The gates are those points at which the runners
join the cavities. At these points, the cross-section of the channel
is usually reduced to a minimum to facilitate removal of excess
material from the pieces in finishing operations.
Transfer molding of thermosetting materials is roughly
analogous to injection molding of thermoplastics, but there are
certain important differences. Because of the heat-hardening
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characteristics of thermosetting materials, it is not ordinarily
feasible to hold any considerable mass of the material at a
high temperature in a heating cylinder before molding. The material
would polymerize to a solid, infusible mass in the cylinder under
such treatment. Hence in both pot any? plunger transfer only
sufficient material for a single shot is heated at one time (plus
a norminal excess to ensure filling the mold), and the pot or well
is cleaned out completely between shots. In transfer molding, the
taper of the sprue is the reverse of that used in injection molding,
since it is desired to keep the sprue attached not to the molded
article, but rather to the cull, i.e., the excess of material
remaining in the pot.
D. EXTRUSION MOLDING
Usually pipe, sheet and film are manufactured by extrusion
molding. A sheet is defined as a web with a thickness of over
1/100 inch or 0.25 mm, and anything less is called a film.
For pipe manufacturing, there are three major parts; that is,
the die, the cooling bath, the take-off unit and the cutting device.
There are various methods to accurately control the diameter
of the pipe. They are classified into two types, i.e., outer
diameter control and inner diameter control. Sometimes sizing is
21







not performed because dimensions can be controlled to some extent
by balancing the speed of extrusion and take-off. Since take-off
speed is an important factor in determining the wall thickness
and diameter of the extrudate, it must be continuously adjustable
is collapsed by a set of pinch rolls, and air is blown in so that
the tube is inflated like a balloon. When the desired tube diameter
is reached, the cock is closed. Cooling is performed by blowing
air around the bubble. (See Fig. 4.). With the T-d4e process, the
principle is almost the same as that of sheet manufacturing. When
comparing the two methods, the inflation process is less expensive
in initial investment and is more convenient for making baps because
tublar-:-film is obtained. Also, it is possible to vary the width of
the film over a considerable wide range by adjusting air pressure
in the bubble. But the speed of cooling is slow because cooling is
performed by air stream. Therefore, the production speed is slower
compared to the T-die method, and the transparency of the film is
poorer expecially with highly crystalline polymers like high-density
polyethylene.
E. BLOW MOLDING
In blow molding, molding material is extruded in tubular form
from the die of an extruder. This tube is called a parison. This
parison is quickly pinched in a mold and is then inflated. Cooling
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water is circulated through the mold. The mold product is taken
out after it is cooled. Of course, a good parison is required in
order to make a good molding.
Tbc parison curves, when the bushing is eccentric tc the mandral
(the central part of the die). It curls toward the thin walled side.
Furthermore, the thin walled part is stretched more quickly than the
heavy part when air is blown into the parison. Therefore, any
unevenness of wall thickness in the parison becomes further
exaggerated in the molded product. Also the parison extruded from
the die does not always follow the size of the die orifice. In
many cases, the parison increases in thickness as soon as it comes
out of the die. This rheological phenomenon is called shrink-back
or die-swelling of the parison and it cannot be ignored in
making good molding. Shrink-back is more evident when the
material is lower, and the extrusion speed is faster. However,
shrink-back does not taken place suddenly but continues over a
period of time. The wall thickness becomes thinner towards the
top as a result of shrink-back. This phenomenon is further
accentuated by the effect of draw-down. Draw-down means that the
parison is stretched by its own weight. The longer the parison,
the thinner the wall at the to,:). Contrary to shrink-back, draw-down
becomes more evident when stock-temperature is higher and the
extrusion speed is slower. 'Furthermore, from the material point of
view, shrink-back is generally more pronounced with materials
of higher melt viscosity, while draw-down is more marked with
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materials of lower viscosity. One method of preventing
nonuniformity of parison wall thickness caused by draw down is to
extrude the parison so quickly that there is no time for draw down
to take place.
It would be logical if the parison could be extruded in
accordance with the shape of the product with a non-circular section.
However, it is simpler, when considered from the point of making
the die to extrude a cylindrical parison. If a square bottle is to
be made from a round parison, the corners will become extremely
thin. This makes the product impractical for actual use. Also,
material costs increase if the parison is made thicker throughout
simply to increase wall thickness at the corners. However, it is
possible to get thicker corners by making the mandrel in an oval
shape or grinding off part of the mandrel to partially increase
the wall thickness in the circumferential direction of the parison.
As mentioned earlier, the parison wall thickness is not uniform in
the axial direction due to the effects of shrink-back and draw-down.
In addition, even if the thickness were uniform, it is obvious
that the portion blown to a larger diameter would be thinner than
the portion blown to a smaller diameter. Such troubles are encountered
when molding, for example, ground-shaped or triangular-shaped
articles. This problem can be overcome by lifting or lowering
the mandrel tip and parison wall thickness can be changed accordingly.
Hence it is possible to control the parison wall thickness in the
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axial direction as desired by moving the mandrel tip according to
a predetermined program. By using this method, it is possible
to obtain a uniform overall thickness in the product. This method
is applicable to the making of ribbed parts where additional
thickness of certain portions is necessary for reinforcement.
There are three methods of blowing, namely, top blowing,
bottom blowing, and needle blowing. In top blowing method, compressed
air is connected to the top of the mandrel. A hole penetrates the
centre of the mandrel and air is introduce into the parison through
this hole when the mold closes. The die and mold cannot be separated
until the molding thoroughly cools. In bottom blowing method, air
is to be blown in from the bottom. The parison drops to cover the
air blow pin. Compressed air is blown in from this pin after the
mold is closed. This pin serves also for ejecting the molded part.
The molded part remains on the pin when the mold opens, but is
lifted off by a slight flow of air. Air is blasted from behind at the
same time to blow the product forward. In needle blowing method,
a hypodermic needle is stuck into the parison simultaneously with
the pinching of the parison by the mold, and air is blown in through
the needle. This method is frequently utilized in the case of
clamping mechanisms where both top and bottom blow systems are
deffecult to apply, or when making products of special shaped.
The deedle should be large enough to admit the required amount of
air quickly. The inner diameter of the needle must usually be
at least 1.6 mm.
26
F. CASTING
Phenolic casting resins are available as sirupy liquids produced
in huge kettles by the condensation of formal dehyde and phenol at
high temperature in the presence of a catalyst, removal of excess
moisture by vacuum distillation. These resins, after having been
blended with a chemically active hardener, are cast and solidified in
molds of various materials. Polymerization in the mold may occur at
room temperature, but is more usually attained by carefully controlled
heating, ranging from a few hours to several days. This heat cure
may take place in a closed vessel, an autocave under pressure, or
a standard baking oven. Oven-baking permits handling a large number
and variety of molds at one time; it is less restricted by the size
of the casting, and in general less expensive than other methods.
Polyester resins used commercially for casting are most often
comparatively thin liquids, frequently custom-formulated to fit the
specific requirements of the intended use. New formulations of.
illed polyester resin, in the form of thick batter that can be
poured or injected into a mold, are also proving very successful.
Some polyesters can be cured catalytically without the application
of heat. Most polyesters, however, are baked, in a closed mold to
avoid the ingibiting effect of contact with air during the cure,
which may result in surface softness.
Epoxy materials range from liquids to semisolids. Some
epoxy resins intended for special uses require heat for polymerization,
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but most of them can be set at room temperature with the aid
of a noncorrosive chemical hardener. Curing is further simplified
in some instances by the availability of epoxy resins prepackaged
with the required amount of the proper catalyst, ready to be added.
Open molds are satisfactorily used in curing epoxy castings,
since the process of curing is most adversely affected by exposure
to air. Depending mainly on the plastic, the surfaces of the mold
are generally treated with protective coatings and release agents.
Cast acrylies are available in various forms, produced by
different methods. Sheet acrylic is cast in cells comprising sheets
of plate glass. Rods may be machined from sheets, or cast in molds
made from untapered aluminum tubes, from which the rods are
released by the difference in shrinkage that occurs in cooling.
Tubes are cast in a rotating horizontally-mounted aluminum tube, in
which the liquid monomer is gradually coverted into a uniform layer
of resin.
G. DECORATING
Decoration or marking is frequently required in the
manufacture of articles from any plastic, whether thermoplastic or
thermosetting. Each presents its own characteristics and hence
its own problems. The discussion in this section is necessarily
of a general nature.
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Among the methods most widely used in the industry today
are hot stamping, silk-screening, offset printing, fill in,
spray coating, and metal-casting. The method to be used is
selected in accordance with the appearance desired.
The most versatile and least expensive method is hot stamping.
It is simple and economical, and yields decorations of good
durability. It is used on all types of thermoplastics, and
on some thermosetting plastics. On the latter it does a less
satisfactory job, because these plastics require the use of so
much heat and pressure that the process becomes more of a
branding operation. Hot stamping is never used with melamines,
and relatively seldom with area plastics.
Various stamping presses used in these process range from
manually operated to fully automatic. The piece to be decorated
is placed in. the machine (usually in a fixture) under a hot
stamping die. A pigmented leaf or foil, made in various colours,
is placed between the hot die and the piece by means of rollers
which automatically move the foil so that an unsed portion
is located under the die during each cycle. The die is lowered
under controlled pressure and held for a predetermined time.
The pigment is there transferred from the foil to the plastic
and firmly attached. The proper type of foil must be used, and
the temperature, pressure and time of dwell must be work out to
give best results. Production on these machines ranges from 60
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to as high as 4500 pieces per hour, depending on the plastic and
the type of foil. Hot stamping can be done in multicolor design
in a single operation, by appropriate machanical arrangements in
the press, but is economical only in large runs in which tooling
can be amortized.
Silk screening is a proven and inexpensive method, and gives
decorations of good appearance and resistance to wear. The process
consists of transferring paint or ink through a silk screen to
the product by means of a rubber squeegee, by manual or mechanical
means. The paint or ink adheres as result of solvent action on
the plastic. Maximum wear resistance, flexibility, gloss and chemical
resistance are obtained by the use of thermoactive inks and paints
which polymerize, when heated, to unsolable films. On thermosetting
materials the best inks or paints is not always reliable and it
is recommended that the decoration be coated with a clear lacquer
or varnish. Hourly production is about 250 to 500 pieces by hand,
and about 400 to 1500 pieces of screen, and consistency of rubber
squeegee will determine the quality of the product. Multicolor
decorations can be applied, one colour at a time.
For smoothness, fine detail, and delicacy of design, offset
printing cannot be matched. But it does not produce a strong
opaque impression, and is not a rapid process. Solvent in the
ink ensure good adherence and wear resistance on thermoplastics.
On thermosetting plastics the decoration should be covered with
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a clear lacquer or varnish. The outatanding advantage of offset
printing is its ability to apply a decoration in several colours
in a single operation. Essential to success with this process
are thB proper choice of ink and the correct type of rubber
or glycerine rollers. The process is not sensitive to small
variations in dimensions between articles.
Fill-in painting involves molding the design into the
product and then filling it in with a paint of proper consistency,
containing an appropriate solvent. The excess paint must
be wiped off before it is thoroughly dry. This method is
somewhat more expensive than the three previously described,
but its independence of dimensional tolerances makes it
sometimes the more economical. Spray painting, through
cutout masks, may be used, as described below. For volume
production of small articles of thermosetting plastics requiring
permanent marking, such as handles of tumbler switches, this
method is supperior in economy and in results to hot stamping,
which is the only other possible method.
Spray painting has become and important process for
decorating plastics. The areas not to be painted are covered
by a durable formfitting metal mask. Masks made by electroforming
are preferred because they conform to the contour of the
article, and are superior to shaped sheet metal, stamping
or metal castings. Castings of conventional metals, made from
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the plastic article as a pattern, do not fit well because of
shrinkage; castings of low-melting alloys fit satisfactorily,
H. ASSEMBLY
The design of the joint plays a large part in the effectiveness
of the cement, the appearance of the joint, and the case
and cost of assembly. Butt, lap, and tongue-and-groove joints
arP in most frequent use, but handled or scarf joints and
V-joints are used in some assemblies. If the strength of
the joint is to be equivalent to that of the adjacent wall,
the area of the joint should be increase by at least 50 percent
over that of the original contiguous edge. Ajoint which
combines both shear and tensile strength is most effective.
The lap joint has some advantages over the others, in
regard to both appearance and, to some extent, strength.
For best appearance, the solvent should be applied, by a felt
pad to the half of the joint which fits on the inside of the
article. Then no exudation of adhesive will appear at the
outer parting line. When two pieces of annular cross-section
are to be cemened with a lap joint, it is advantageous to make
the outer lip thin in proportion to the inner (e.g., in a ratio
of 1:4), since the greater periphery thus gained adds to
but are weak and not durable.
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the area, and hence the strength, of the joint.
A butt joint gives less contact area than most lap joints.
The butt joint often has the disadvantage of unsightly bond
lines, but it is probably the easiest type to provide for in
molding. The butt joint is not a self-locating joint, and
locating pins or fixtures are often required to prevent
slipping during clamping.
A tongue-and-groove joint is self-positioning, but unless
it is very shallow it will require application of adhesive by
other felt-pad methods. If the adhesive Yis applied by a flow
gun into the groove, the amount must be controlled so that
after assembly the fluid will come to the edge of the joint,
but not flow out to mar the outer appearance of the finished
article.
The V-joint and the scarfed joint are variations of the
proceding joints.' They have the disadvantage of requiring a
somewhat more complex method of application of cement. The
V-joint is self-positioning on certain types of articles.
It is difficult to mold the component parts to the close
tolerance required by these joints.
In the application of adhesives, it is very important
that the surfaces of the joint be clean and well matched. Poor
contact of matting surfaces can cause many troubles. The problem
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of getting proper contact is aggravated by warpage, shrinkage,
flash, marks from ejector pins, and non-flat surfaces.
Care must be taken to prevent application of adhesive to
surfaces other than those to be jointed, in order to avoid
disfigurement of the surface. The adhesives should be applied
evenly over the entire joint surface in sufficient quantity
to ensure against voids. The assembly should be made as soon
as the surfaces have become tacky, which usually means within
a few seconds after application. Enough pressure should be
applied to ensure good contact until initial bond strength
has been achieved. Stronger bonds result when the adhesive
is applied to both piecea of an assembly. Adhesives may be
applied by a variety of methods, such as felt pad, brush,
flowing equipment, knife, dip and spray gun.
The following two techniques have been found to be
suitable for the application of solvent cements to thermoplastics:
Dip Method In the dip method, one of the two parts to
be joined is dipped into the cement just enough so that the
solvent will act on the desired area for the maximum time.
After dipping, the parts should be assembled immdiately and
held under light pressure for a short time. Bonding takes place
by the formation of a "cushion" of solvent-swollen plastic
surface before the solvent can act on the mating dry surface,
about 15 to 30 second should be allowed before pressure is
increased.
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Capilary Method. For some applications where the surfaces
to be cemented fit very closely, it is possible to introduce
the cement by brush, eyedropper or hypodermic needle into the
edges of the joint. The cement is allowed to spread to the rest
of the joint by capillary action. In other cases it is possible
to insert fine wires into the joint when the parts are assembled
in the jug. The cement is then introduced into the joint.
After the cement has reach all parts of the joint, the wires
are removed.
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CHAPTER III
GENERAL QUALITY CONTROL CONCEPTS
From the point of view of a customer, quality may be
the appearance, size, function, durability, packaging, etc.,
of the product he wants to purchase. The ultimate standard of
these is the best quality. From the point of view of a manufacturer
the meaning of quality is more than this. It is not only the
design of the product, but also the characteristics of raw
materials and work-in-process in each stage of the manufacturing
process. A most important factor to be considered by
manufacturers is the production cost. Since the products
manufacturered have to be profitable, manufacturers cannot
produce high quality products without some limitations. In
general the meaning of good quality is the quality which is
satisfactory to customers at a certain price and the best
quality that can be produced under the condition of existing
technology and reasonable costs.
Quality control is a kind of control which enables the
factory to accomplish the most economical production of quality
products which would satisfy customers. Quality control must
be preventive, that is, not only to find out the defective
products, but also to prevent the production of defective products.
Modern quality control, making use of the statistical tools,
can determine the stability and quality variation in the manufacturing
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process. Hence defective production is reduced, productivity
is raised, and the production costs are lowered. Quality
control is a kind of system for taking control actions in
each stage of production, for controlling every factor that
will influence quality, and for eliminating defects in quality.
It is the combination of the efforts to maintain quality, to
improve quality and to develop quality so as to accomplish
an economical production system.
Generally speaking, quality control includes the following
procedures:
1. To find out what mistakes occur or will occur in the
production process.
2. To understand and analyze the cause of mistakes.
3. To take corrective action to eliminate the mistakes
or the causes of mistakes.
The fundamental conditions of applying quality control
are as follows:
1. To establish policies and take responsibility for the
quality control of ita products;
2. To establish the standards of quality and to set up
suitable descriptions of design.
3. To have tests and inspections during production to
assure standards of quality.
4. To use suitable measuring tools and equipment.
5. To record the data of quality and the opinions of customers.
86. To train the employees of the whole factory in the
production of quality products.
By applying quality control, there are many advantages.
some of these advantages are as follows:
1. Reduce defective products, and hence lower the costs
of reproduction and repairs.
2. Accessories can be easily asse-Ltbled., production can
go on smoothly and hence make full utilization of
labour and machine.
3. Reduce inspection costs.
1 Improve the quality of products so that sales will
be increased.
5. Improve the production techniques and processes.
6. Raise the morale of employees!
STANDARD OF QUALITY
The standard of quality can be expressed in many ways,
depending on the type of products, methods of production,
and the need for quality. No matter what it is, there must be
an explicit standard for acceptance of products or methods of
production. The factory must have a complete blue print
1S.K. Lam, Industrial Quality Control, The Hong Kong Management
Association. 1971.
39
for reference. The following are some ways of expressing
standards of quality:
1. Quality- number, weight, volume, etc.
2. Chemical and physical properties- chemical analysis
of materials; tensil, elasticity and hardness of
materials.
3. Size and geometric shape- length, width, angle, etc.
4. Surface condition and decoration- colour, smoothness,
luminosity, etc.
5. Inside structure.
6. Function, reliability, and durability.
The above characteristic should be described in detail and the
allowable variations should be clearly written down.
Advanced industrial countries usually have set up unique
designs and testing methods to evaluate the quality of products.
Consequently production can have a unique guide line. The
relationship among manufacturers, dealers, and customers can
be improved. The conformity of products to definite standards
will enable the interchange of parts. The interchangability
of parts is the foundation of mass production. Nowadays,
mechanized and automationized production methods need the wide
range of product interchanges. It is advasable that every
industrial country coopefate with others in setting up international
standards, to which each will conform.
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To design the standard of quality, we must consider the
relation between costs and price. When quality is higher
the costs will be higher. But usually the price cannot be
raised as desired. Consequently, there is a desirable level
of quality. (See Diagram 1).2 Raising quality above the
level increases the costs but the price is only increased
slightly. In other words there is a quality level at which
profit is maximum.
It is desirable to make the total costs of products
of certain quality level be the lowest. Hence we have to
reduce both the loss due to defective products and the costs
of quality control. There is a definite relation between these
two, as shown in Diagram 2.3 The desirable point is the
point where the total costs is the lowest.
Quality strategy is essential to every factory. It is
the basic policy for designing and controlling quality. Quality
strategy includes primarily the following points:
1. The image of the products, e.g., high quality or low
price.










Diagram 1. Relation between costs and quality.













Diagram 2. Relation between costs and defective products.
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3. Benefit and assurance provided for customers.
4. The relation with suppliers.
INSPECTION
Inspection includes the inspection of raw materials,
the inspection during production and inspection of final
products. Inspection is to make sure whether the product
is up to standard or not. When a defective product is found,
the causes of production mistakes are analysed and correction
action is taken.
Defects in products are due either to unsuitable materials
used in production or to incorrect production methods. To
find out whether the materials have the desired properties
before production will avoid the wastes of the effort of
labour and machines. Inspection during production is to
make sure that the production is going on smoothly and correctly.
Inspection of final products is to prevent defective products
being delivered to the customers.
Inspection can be one hundred percent inspection or
sampling inspection. Sampling inspection is mainly devided
into patrol inspection, final inspection, and point-check
inspection. Patrol inspection is inspection by taking samples
from the products that are first produced. Final inspection
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is inspection by taking samples from the products produced last.
Point-check inspection is accomplished by taking samples randomly,
no matter when the product is produced. It is not economical to
carry out one hundred percent inspection of products. But
under some situations it is inevitable, e.g., products that
will be useless with any defects at all. This kind of inspection
theoretically should discover all defective products. But
practically one hundred per cent inspection does not represent
10001o accuracy. The possible mistake may be caused by without
finding defective products or regarding good products as
defective products. Moreover accuracy and standards may be
affected by the psycological factors of inspectors. The




where d: number of defective products found.
k: number of good products which have been
regarded as defective products.
d-k: actual number of defective products found.
b: number.of defective products not found.
d-k+b: total number of defective products in the lot.
n: total number of good products in the lot.




d - k + b
k
n - (d - k + b)
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There are two basic types of measuring tools for inspection.
One is the use of direct measuring tools and the other the
use of comparative measuring tools. The use of direct measuring
tools is simple and can get the actual value of quality.
The use of comparative measuring tools is rather complicated.
Its measuring cannot get the actual value of the product.
It only compares the product with a standard one. Usually
comparative measuring tools are more accurate than the direct
measuring tools. When using measuring tools, we have to
adjust them and read the data. It is not economical to use
them for large number of products. Instead, testing equipment
can be used. Testing equipment consists of special instruments
used to determine whether the quality of products is in allowable
deviations. When using such equipment we need not adjust
or read the value. We simply determine whether the product
is up to standard or. not and take out any products which
are outside of the specified limitations.4
DATA RECORDING
In data recording there are five kinds of control charts.
They are as follows:
4.Ibid.
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1. X and chart.
2. X and R chart.
3. Control chart for fraction of defective products.
4. U-control chart (average number of defects per unit
of products).
5. C-control chart (number of defects).
The basic form of control chart is that there is a central
line representing the expected value; the upper and lower
lines represent the allowable upper limit and lower limit
respectively. (See Diagram 3). The statistical data representing
the quality areplotted on the chart. If the points are within
the upper and lower limits, the production process is stable
and under control. If the points are outside of the limits,
the production is not stable or is out of control, and the
causes of mistakes must be found and corrective action taken.5
5 For detail description of each kinds of control charts,
please refer the book:
Eugene L. Grant, Statistical Quality Control. 3rd. ed.












Diagram 3. Basic Form of Quality Control Chart
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CHAPTER IV
QUALITY CONTROL METHODS EMPLOYED IN THE PLASTIC
TOY INDUSTRY IN HONG KONG
From the survey described in Chapter I, there were nineteen
respondents, eleven of which had completed the questionnaire
and eight of which indicated that they had no quality control
of their products. Among the eleven that had quality control,
there were four companies with 51-100 employees, four with
101-500 employees. (See Table 6). Also by types of plastic
products, there were five which produced toys only, four which
produced mostly toys, two which produced some toys but mostly
other items. (See Table 7). Two of the eleven companies
produced plastic toys primarily for stock, in anticipation
orders; seven of them produced plastic toys against firm orders,
and two of them produced for both. (See Table 8). The classifications
mentioned above are the bases for analysis.
THE MANUFACTURERS' ATTITUDE TOWARDS QUALITY
From the survey, eight of the nineteen respondents indicated
they had no quality control. Hence we can estimated that
about 42°; of the plastic toy manufacturers in Hong Kong.have no
quality control of their products. The reasons that these
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manufacturers do not have quality control are as follows:
1. They are small size industries, employing less than
100 workers.
2. They produced low-priced products only. Customers
do not care much about the quality of the products
and it is not desirable to increase the costs by'
introducing quality control.
For those that have quality control, they are usually
aiming at the following purposes:
1. To avoid damages due to shipment.
2. To satisfy customers' requirements.
3. To meet foreign government regulations (usually
about safety).
Certain characteristics of toys are classified as Extremely
Important, Somewhat Important and Not Very-Important. The
number of checks.for each one are shown in Table 9. If we
assign scores of 2 for each check of Extremely Important,
1 for each check of Somewhat Important and zero for each check
of Not Very Important, then we can find out the most important
important characteristics. From Table 9 we can see that
Design rated 21 points, Appearance and Safety in Use rated 18
points and Colour and Package both rated 16 points. Hence
we can conclude that design, appearance, safety in use, colour
and package are the most important characteristics of toys.
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* Score Scale is show in the bracket.
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. TABLE 10 shows the number of employees responsible for
quality control by size of companies. We can see that the
numbers of employees responsible for quality control for
companies with 51-100 employees range from 1 to 10. This
implies that the view of the importance of quality control
are different from each other for the companies of this size.
The numbers os quality-control employees for companies with
101-500 employees are rather close, 4 to 5. That for companies
with more than 1,000 employees are 17 and 100. For the last
two sizes of companies, since there are not. enough data, we
cannot draw any conclusion. However, in general, the larger
companies do have more employees responsible for quality control.
TABLE 11 shows the number of employees responsible for
quality control by types of plastic products. From this table
we can find that the numbers appear to be randomly distributed.
Hence the number of quality-control employees does not seem
to be related to the types of plastic products.
TABLE 12 shows the number of employees responsible for
quality control by production objectives. Again the numbers
seem to be randomly distributed. Hence the number of quality-
control employees does not depend upon production objectives.
However, we can see that most companies in Hong Kong produce
plastic toys against firm orders (about 63.6%).
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TABLE 10
Number of Employees Responsible for Quality Control
by Size of Responding Companies
Size
(No. of Employees)
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From the survey, nine companies indicated that their
quality control department is under the general manager or
factory manager and two companies indicated that their quality
control department is under the production manager. That is,
most companies' quality control department have the position
parallel to the production manager. The high position of
the quality control department implies that the manufacturers
regard quality control as an important function to the companies.
THE SPECIFICATION OF Q ALITY
There are many ways of expressing quality standards. It
depends on the type of product, method of production, and the
need for quality. However, there must be an explicit standard
for acceptance of products. The factory must have complete
designs and blue prints for reference. The responsibility
for establishing specifications may be that of the customers,
the marketing manager, the quality control manager or the
engineering manager.
,From the survey, three of the companies indicated that
customer is primarily responsible for specifying the quality
standards of the product. Two of these produce plastic toys
against firm orders. The other one produces for stock, in
anticipation of order. This means that even though some
companies produce toys for stock, the customer is still responsible
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for specifying the standard of quality. Two of the companies
indicated that it is the joint responsibility between their
customers and their marketing managers. These two companies
produce plastic toys primarily against firm orders. One of
the companies indicated that it is the joint responsibility
between customer and the quality control manager. One indicated
that it is the joint responsibility between the customer
and the engineering manager. One indicated that it is the
joint responsibility between the customer, the quality control
manager and the engineering manager. Two indicated that it
is the joint responsibility between the customer, the marketing
manager, the quality control manager, and the engineering
manager. General speaking, there are seven companies whose
quality standards are specified by the customer and the
managers of the companies. Only one of the companies indicated
that customer seldom specifies quality standards, the
responsibility is that of the quality control manager. (See
Table 13). We can conclude that, in most Hong Kong plastic
toy companies, responsibility for quality specification is
assumed jointly by the companies and their customer.
In TABLE 13 the mark 'a' indicates that the company produces
for stock, in anticipation of orders; 'b' indicates that the
company produces against firm orders and 'c' indicates that it
produces both for stock and against firm orders. -As the.'ma ks..-,
appear--.to'be-randomly distributed, we can conclude that there
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TABLE 13
Persons Responsible for Specification
of Quality Standards
















The company's manager 1 b
*Mark 'a' represents that a company .producing for stock
'b' represents a company producing against firm orders;
'c' represents a company producing both for stock and
against firm orders.
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is no any direct relationship between the specification of
quality standard and whether production is against firm orders
or not.
INSPECTION OF PRODUCTS
The major tasks of a quality control department may be
as follows:
1. Check product designs to assure that quality
specifications are being met.
2. Quality control of materials.
3. Quality control during production.
4. Final product quality conterol
The result of the survey shows that there are four checks
for "Check product designs to assure quality specifications
are being met"; four checks for "Quality control of materials";
nine checks for "Quality control during production"; and five
checks for "Final product quality control".1 This means
that 1+0.9/ of quality control departments regard quality
control during production as the major task. (See TABLE 14).
Mr. F.W. Loh, the quality control manager of Perfekta Enterprises
Ltd., said that quality control during production is the most
effective and economic way of securing quality of toys. The
reason is that the defects produced in one process will affect
the following processes of production. If the defects in one
1There may be more than one check for a company, e.g., a company
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process are not found out immediately, the effort and
materials of the successive processes will be wasted and the
product will come out eventually as defective.
To assure whether the product quality is up to standard
or not, the following tests should be made:
1. Tests on raw materials.
2. Tests during production.
3. Tests on final products.
The result of the survey shows that four of the sampled
companies indicate that no tests are necessary on raw materials.
The reason is that the properties, including colour, chemical,
physical and thermal properties, are specified by the raw
material suppliers. If the supplier is trust worthy, then there
is no need to test the raw materials. However, seven of the
sampled companies do run tests on raw materials. Among these
seven companies, one tests for chemical properties; one tests for
colour; two test for physical properties; one tests for thermal
properties; one tests for colour, chemical and physical properties.
The number of companies that test for a kind of property is
shown in TABLE 15. This table shows that colour is the most
important property to be tested on raw materials. The next
are the chemical and physical properties. The less important
properties are the thermal properties.
Usually the tests for colour are the colour fastness test,
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the fading test and the ink migration test. The test for
chemical properties is the heavy metal content check. The
test for physical properties are the impact strength test,
the tensile test, and the hardness test. The test for thermal
properties is usually the flamibility test.
In the tensile test the specimen is cut into a dumbbell
shape. Then the wide ends are clamped by gripers and pulled
to assess the tensile strength. Tensile strength is defined
as the force (kg) needed to break the specimen divided by the
2
original cross sectioned area of the specimen (cm). The
unit of strength is hence kg/cm2.
In the impact strength test, the test piece is held,
and a hammer is raised and clamped. Then the clampof the
hammer is released and the hammer swings down, breaking the
test piece with one blow, and swinging up to the other side by
inertia. The angle that the hammer makes after breaking can
be read from the dial. If the hammer is swung without mounting
a test piece, the hammer will swing up on the other side as
high as it was originally raised. Therefore, the energy
required to break the test piece is calculated from the difference
between.the swing after breaking and the original swing angle.
The impact strength is defined as follows:
Impact strength (kg-cm/cm2)= E
A




A: Original sectional area of specimen.
W: Weight of pendulum.
R: Distance from the axis of support to the centre
of gravity of pendulum.
a: Swing angle of the pendulum, no sample.
b: Swing angle of the pendulum after breaking the specimen.
Hardness is defined as the resistance to deformation.
In order to measure hardness, therefore, an attempt is made
to perform a deformation. The most common. hardness test for
plastics is performed by pushing a small steel ball or a pin
into the surface, and the depth it penetrates is shown by a
numerical value. Usually the Brinell hardness test is performed.
A load of 500 kg is applied to a steel ball 100 mm in diameter,
which is pressed against the test specimen. After 30 seconds,
the steel ball is removed and the diameter of the peemanent
impression on the test specimen is measured by using a magnifying
glass, and the hardness number is calculated by the formula:
H = 2P
D (D - D2 - d2)
where H: Brinell hardness number.
P: Load (500 kg).
D: Diameter of steel ball (10 mm).
d: Diameter of impression (mm).2
2
A.P.0., Film Script for Training Slides on Testing of
Plastics. 1970.
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The flammability test is usually employed to test textiles
used to make toys. The size of test specimen is 2 inches by
6 inches. The long dimension shall be that in which they burn
most rapidly. To establish the long dimension and the surface,
preliminary tests are made with specimens cut in different
directions One end of the specimen is clamped and the
burning time of the specimen is recorded.3
For tests made during production, there are four kinds
of tests:
1. Tests for sizes of component parts.
2. Tests for quality of moldings.
3. Tests for colour of molded parts.
4. Tests for decoration of parts.
The result of the survey shows that there are nine companies
that perform tests for quality of moldings during production;
eight that perform tests for colour of molded parts; seven
perform tests for sizes of component parts; and five that
perform tests for decoration of parts. (See TABLE 16). This
means that during production the quality of moldings is the
most important property to be checked; the second is the
colour of molded parts; the third is the sizes of component
parts; and the least important one is the decoration of parts.
During the time of molding, the molded part is heated.
When the molded parted is cooled to room temperature it will
contract to a smaller size; this is called 'shrinkage'. Of
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TABLE 16
Properties to be Tested During Production
by Responding Companies
Properties No. of Companies
Quality of moldings
Colour of molded parts







course, the size of the molded part is expected to be the
size after shrinkage. However the shrinkages for moldings
are not always the same. Hence the size of moldings must
be checked. Moreover, after cooling there would be deformation
of moldings dur to readjustment of molecules in the plastics.
Even when the quality of raw materials and work-in-process
is all right, the final products still may be defective due to
improper assembling or packaging. To make sure that customers
will be satisfied, the final products have to be tested by
100% inspection or sampling inspection. Sampling inspection
.includes patrol inspection, final inspection, and point-check
inspection. From the survey four of the sampled companies
show that they use the method of 100% inspection, whereas seven
of -them use the method of sampling inspection. Among the seven
companies that use the method of sampling inspection, two of
them use patrol inspection, four of them use final inspection
and four use point-check inspection. (One company may check
for more than one kind of inspection). This means that final
inspections and point-check inspections are frequently used.
Mr. F.W. Loh, the quality control supervisor of Perfekta
Enterprises Ltd., said that the method of 10001inspection,
of course, would assure the quality of products better than
the method of sampling inspection. But for large quantity of
production it is not economical to perform 100016 inspection.
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Usually a sampling inspection is performed.
The properties to be tested on final products are mainly
appearance, function, durability and safety. The durability
test is usually a drop test. A drop test includes the test
for an individual product and a test for the products that
are packed in a container for shipment. An individual product
is dropped from four feet above ground five times. If the
product samples do not break, then the products are said to be
all right. This test is for the product during use. On
the other hand, a container of products for shipment is dropped
from five feet above ground. Then the container is opened
and the percentage of damaged products is observed. If the
percentage is lower than a certain limit then the products
are said to be all right for shipment. Of course, if the
tests show that the products do not meet the requirements,
the products themselves or the package would have to be corrected.
Safety tests usually include tests to avoid mechanical
hazards, electrical hazards, thermal hazards and toxicological
hazards. The test for toxicological hazards is the most
common test in the plastic toy industry in Hong Kong because
foreign customers and foreign governments are very careful
about toxic substances in toys. The content of toxic substances
(e.g., heavy metals such as lead), should be less than a
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a certain degree as required by regulations of foreign countries.
(See APPENDIX IV.) Otherwise the manufacturers will be accused.4
DATA RECORDING
There are two kinds of methods of inspecting products,
that is, variable inspection and attribute inspection. Variable
data is quantitative in nature, e.g., size, weight, resistance
ect., which are expressed by actual values. Attribute data
is qualitative in nature, e.g., scrap on the surface, colour,
etc., which cannot be expressed in terms of actual values.
Variable inspection is uaually to measure quantitive data
by means of test equipment. Consequently the value can be
obtained for determining whether it is within the allowable
deviation. In recording variables, the control chart used
is usually the X and T chart or the X and R chart. The
allowable range of deviation is based on the standard deviation
of normal distribution. On the other hand, attribute inspection
only considers whether the product is up to standard or not.
Attribute inspection is used to-determined whether the product
is to be accepted or rejected. Samples of product are inspected
and the data can be recorded on one of the following charts:
Personal interview with Mr. Edmund K.S. Young, technical
manager of Perfekta Enterprises Ltd.
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1. Control chart for fraction of defective products.
2. U-control chart (average number of defects per unit
of product).
3. C-control chart (number of defects in a sample).
The level of acceptance depends on a proscribed value, and the
allowable deviation from this level is based on the standard
deviation of binomial distribution or Poisson distribution.
The result of the survey shows that in recording the
data of inspection one company uses X and chart; none
use X and R chart; six use control charts for fraction of
defective products; two use U-control chart; and two use C-
control chart. (See TABLE 17). This means that most of the
plastic toy companies measure the products by attribute inspection.
Very few companies use variable inspection. In recording
the inspection results, the most popular control chart used
is the control chart for fraction of defective products. The
reason is that for C-control charts and U-control charts
number of defects must be counted. But for plastic toy it is
usually not necessary to count the number of defects because
only one defect in a product is regarded as a defective product.
Consequently the control chart for fraction of defective
products is most convenient to use.5
5Personal interview with Mr. K.S. Chow, quality control manager
of the Hong Kong Industrial Co. Ltd.
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It should be emphasized that quality control is not to
find out the defective products only. The main purpose of
quality control is to produce products of a specified quality
level. Checking out defective products does not mean quality
products will be produced. quality control concepts should
be delegated from management to lower level employees, such
as supervisors and workers. The main points to be noticed
during production should be stated explicitly to supervisors
and workers. Whenever a defective product is formed, it is
advisable to find out the causes of the defect as soon as
possible. A recently developed tool called Cause-and-Effect
Diagram is found to be effective for analysing the causes of
defective products. A typical Cause-and-Effect Diagram is
shown in Fig. 5. This diagram is also called Fishbone Diagram
since its shape is like that of a fish bone. The diagram
shows the causes of defects by types and order, It can
indicate the direction and points of correction,'



























In order to carry out quality control methods effectively,
it is desirable for the quality control manager to have adequate
authority. It is a good situation that most of the quality
control managers of the plastic toy manufacturers in Hong Kong
have the position under the general manageror factory manager
and parallel to that of the production manager. If the quality
control manager is under the command of the production manager,
it would be always the fact that quality control is just to
check for defective products. The quality control manager
would have no authority to recomment for changes in production
methods. The production manager would always aim at high
quantity of production to the sacrifice of quality. To overcome
or compromise the contradiction of quantity and quality, the
responsibilities for quantity production and quality should
be separated. The establishment of a quality control department
independent of the production department would enable the
quality control methods to be applied more effectively. Of
course, the success depends on the cooperation between the
two departments to make production to go on smoothly with
expected quality.
Although the quality control methods and the position
of the quality control department are important, it should
not be forgotten that products are made for sale. It is most
important for the products to satisfy customers requirements.
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Since the common practice of the plastic toy manufacturers
in Hong Kong is to produce against firm orders and the specification
of quality is the joint responsibility of customers and the
company's managers, there is no problem in producing products
to meet customers' requirements. However, recently some
countries have established regulations about hazardous products
used by children, including toys. The regulations, if not
realized, are easily offended. For example, in the United
States toys that break with sharp corners when dropped will
be regarded as hazardous products. For hazardous products
the government may purchase all such products and then the
manufacturer is required to repurchase them at retail price.2
Hence the manufacturers will lose more than the total costs
of production. The United States and Canada are the largest
buyers of Hong Kong's plastic toys. Their regulations about
hazardous products for children are described separately
in the following paragraphs.
By the regulations of the United States, hazards of
toys are devided into Mechanical Hazards, Electrical Hazards,
and Thermal Hazards. The definitions of these hazards according
to the Toy Safety Act of 1969 are as follows:
2Personal interview with Mr. Edmund K.S. Young, technical
manager of Perfekta Enterprises Limited.
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1. Mechanical Hazard - "An article may be determined to
present a mechanical hazard if in normal use or when
subjected to reasonably foreseeable damage or abuse,
its design or manufacture presents an unreasonable risk
of personal injury or illness
(1) from fracture, fragmentation, or disassembly od the
article,
(2) from propulation of the article (or any part or
accessory thereof).
(3) from points or other protrusions, surfaces, edges,
openings, or closures,
(4+) from moving parts,
(5) from lack or insufficiency of controls to reduce
or stop motion,
(6) as a result of self-adhering characteristics of
the article,
(7) because the article or any part or accessory thereof)
may be aspirated or ingested,
(8) because of instability, or
(9) because of any other aspect of the article's design
or manufacture."
2. Electrical Hazard - "An article may be determined to
present an electrical hazard if, in normal use or when
subjected to reasonably foreseeable damage or abuse, its
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design or manufacture may cause personal injury or illness
by electric shock."
3. Thermal Hazard - An article may be determined to present
a thermal hazard if, in normal use or when subjected to
reasonable foresee.ble damage or abuse, its design or
manufacture presents an unreasonable risk of personal'
injury or illness because of heat as from heated parts,
substances, or surfaces."
The criteria for evaluating hazards in toys are as follows:
1. Mechanical Hazards
In evaluating toys or other children's articles for
mechanical hazards, the following criteria can be used.
a. Static and Dynamic Strengths
Toys will be considered potentially hazardous if,
when tested as described below, they break, dislodge,
collapse and create a hazard.
(1) Toys for children under age 2- Apply 15 pounds
tension or compression, and drop 10 times from
4/Z feet to a hard surface (tile over concrete)*
(2) Toys for children over age 2 - Apply 25 pounds
tension or compression and drop 4 times from
4 feet to a hard surface (tile over concrete).
The tension, compression, or drop tests may be applied
to any part of the toy, however, vulnerable or weak
points should be selected for testing whenever possible
(i.e., noisemakers, eyes, ears, etc.).
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b. Ingestion or Aspiration
Toy rattles containing loose small objects and toys having
moisemakers capable of being dislodged by the static
and dynamic tests described in "a." above are considered
hazardous if they are intended for children under 5 years
of age and the toy or components dislodged will fit within
a 11/4 inch inside diameter sphere.
c. Laceration or Puncture
Any toy or toy part which is manufactured with sharp points,
protrusions, edges or surfaces, or which may break under
expected use or abuse, or which tested as described under
"a." above, exposing such features as are apt to puncture
or cut body tissue, may be considered hazardous.
Included in this category would be such things as sharp
pongs inside musical rattles, toys containing glass parts,
darts, arrows or other projectiles with a removable flat
or soft tip, pius, toys and other children's articles
with features which may produce a scissoring or pinching
effect or in which a finger or hand could be caught and
lacerated (such as spring driven apparatuses, gears,
folding mechanisms or brackets, etc.), noisemaking toys
relying upon impact force (such as clacker bills), and
wood toys that may easily break and splinter.
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d. Suffocation
Plastic film less than 1 mil. in thickness has been
associated with suffocation deaths of infants. BPS
is presently considering regulations concerning
plastic film used to package toys, or which is a
component of toys. (until such a regulation is
promulgated no specific warnings can be recommended.)
2. Electrical Hazards
The following are considered potentially hazardous:
a. Shock hazard. Any toy which produces an electric
shock to the user or evidences any perceptible current
leakage.
b. Exposed wires. Any toy having exposed, bare, electrical
wiring accessible to a child.
c. Inadequately secured wiring. Any toy in which wiring
connections within the toy, the wires in the flexible
cord or the connections of the cord at the wall plug
can be broken, exposed or damaged by a 40 pound
pull exerted or 1 minute.
d. Toys with wet cell batteries. Any toy using rechargeable
wet cell batteries, with the batteries, terminals,
rechargers, or fixtures accessible to a child using
normally avaible household utensils or tools.
79
3. Thermal Hazards
a. Housekeeping toys which simulate home appliances
(such as ovens, grills, irons, ranges or other cocking
equipment) should be considered potentially hazardous
if any accessible surface that does not bear a warning
label exceeds:
150F, if metal; or 188F, if wood, plastic, hard rubber
or similar material.
If a warning label is present on the accessible surface,
the temperature should not exceed:
156F, if metal; or 231F, if wood, plastic, hard rubber
or similar material.
b. Craft Hobby or Educational Toys (such as casting or
molding sets, wood-burning outfits, soldering kits
and similar items requiring a high temperature to
be operable) are not included in those items subject
to the temperature criteria specified above.
C, Thermal toys which generate enough heat to cause
flaming or smouldering when newspapers, tissue paper,
or similar materials are placed into the toy in lieu
of the intended ingredient (e.g., a toy oven) are
considered potentially hazardous.
Any toy which generates unintended smoke from any
source other than-the burning off of any coating material
on a heating element.
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d. Temperature Measurement- Randomly select at least
three units for testing. Connect the toy to any
convenient 110 to 120 volt outlet and allow sufficient
time for the toy to reach maximum temperature (at least
15 minutes). Conduct the test at normal room temperature.
When maximum temperature has been reached, test all
normally accessible surfaces by using the appropriate
tempilstik as instructed.
e. Labeling -All labeling should be prominently, conspicuously,
and permanently displayed under customary conditions of
purchase, storage, and use, with the required information
visible, noticeable, clear, and in understandable English.3
By the regulations of Candada, hazards of toys are divided
into Electrical Hazards, Mechanical Hazards, Thermal Hazards,
and Toxicological Hazards. The regulations about Electrical
Hazards, Mechanical Hazards, and Thermal Hazards are similar
to that of the United States. The regulations about Toxicological
Hazards are described in the following paragraphs:
Toys that contain a toxic substance shall meet at least
one of the following requirements:
a, the products, by reason of its nature, physical forms,
size or any other characteristic, shall be such that
31nspector Programs Manual, prepared by the Food and Drug
Administration, New York, 1971.
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the toxic substance or the substance or part containing
the toxic substance cannot be ingested, inhaled or
absorbed.throug the skin;
b. the total quantity of the available toxic substance
shall not exceed one-hundredth of the acute oral
or dermal median lethal dose, whichever is the lesser,
calculated for a child having a body weight of 10 kg; or
c. the toxicity of the toxic substance does not exceed
the following limits;
(1) the acute oral LD50 value thereof for rat is
5 grams per kilogram body weight;
(2) the acute dermal LD50 value for rabbit is 2
grams per kilogram body weight; and
(3) where gas, vapour, mist or dust is likely to
be encountered when the substance is used in
any reasonably foreseeable manner, the Ld50
value thereof for a one hour exposure determined
using rats, is 20,000 parts per million by
volume of gas or vapor or less, or 200 milligrams
per litre by volume of mist or dust or less.
Toys that contain a corrosive substance, irritant or
sensitizor shall meet at least one of the following requirements:
a. the product, by reason of its nature or any characteristics:
shall be such that the corrosive substance, irritant
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or sensitizer cannot come in contact with the skin; or
b. the corrosive substance, irritant or sensitizer
shall not be excessively corrosive or irritant or
an excessively strong sensitizer as determined in
accordance with the tests prescribed by Schedule B.4
Plastic materials of toys that are or are likely to be
used by a chils of less than three years of age shall be
those considered acceptable for use in the manufacture of
food packaging materials and food containers.5
From the above descriptions it is obvious that many of
the regulations about hazardous products are easily brodne
if care is not taken. Some customers may not know about
these regulations. Even though they are satisfied with the
products, the law still predominates. When the products are
banned as hazardous then the manufacturer would have to repurchase
them at retail price. Hence in quality control of plastic
toys the regulations of foreign governments should be put
at the first Dlace to be considered.





NOTE: It is not necessary to sign this questionnaire. All
information will be used in summary form lonly.
1. Please indicate the approximate size of your firm:




2. Approximately how many employees are responsible for quality
control?
3. What type of plastics products does your company manufacture?
Toys only Mostly toys Some toys but Other items only
mostly other items
4. Does your company produce plastic toys primarily
a) for stock, in anticipation of order?
Yes No
b) against firm orders?
Yes No
Remarks, if any:
5. Please indicate the relative importance of the following
characteristics in the toys manufactured by your firm:






e) Safety in use
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f) Impact strength
g) Resistance to breaking
h) Absence of mechanical defects
i) Resistance to heat
Other important characteristics:
6. Does your company have a quality control department?
Yes
(If 'No', omit the questions 7 & 8, please.)
7. What are the major tasks of your quality control department?
a.) Checking product designs to assure quality
specifications are being met
b) Quality contra of materials
c) quality control during production
d) Final product quality control
e) Others:.
8. What is the position of the quality control department in your
company?
a) Under the production manage
b) Under the factory manager or general manager
9. Who is responsible for specifying the quality standards of your
product?
a) Customer is primarily responsible
b) Joint responsibility between customer and
1) Your marketing manager
2) Your quality control manager




10. What tests do you run on raw materials?
a) No tests are necessary
b) Chemical properties (specify):
c) Thermal properties (specify):
d) Colour (specify):
e) Others (specify):
11. What tests do you make during production?
a) Sizes of component parts
b) Quality of moldings
c) Colour of molded parts
d) Decoration of parts
e) Others (specify):























15. In recording the data of inspection what kind of control charts
are used?
a) X and chart
b) X and R chart
c) Control chart for fraction of defective products
d) U-control chart (average number of defects per
unit of product)
e)C-control chart (number-of defects)
f) Others (specify):
16. Would it be possible for me to visit you or someone in your
firm for a half-an hour to observe quality control methods used in
your company? If so, please indicate your name and telephone number
so I can ask for an appointment
THANK YOU VERY MUCH FOR YOUR HELP IN COMPLETING THIS QUESTIONNAIRE.
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APPENDIX II
CANADA HAZARDOUS PRODUCTS (TOYS) REGULATIONS
Schedule B
CRITERIA FOR DECIDING IF A SUBSTANCE IS EXCESSIVELY
CORROSIVE OR IRRITANT OR AN EXCESSIVELY STRONG SENSITIZER
1. A substance or mixture of substances shall be considered not
excessively irritant for the purposes of section 11 of the
Regulations if it is not excessively irritant to
(a) the ;.eye judged on human experience or based upon
the test method described hereunder; and
(b) the skin judged on human experience or based upon
the test method described hereunder.
Method for Testing Eye Irritant Properties
2, (1) Six albino rabbits are used for each test substance.
Animal facilities for such procedures shall be so
designed and maintained as to exclude sawdust, wood
chips, or other extranethus materials that might produce
eye irritation. Both eyes of each animal in the test
group shall be examined before testing, and only those
animals without eye defects or irritation shall be
used. The animal is held firmly but gently until quiet.
The test material is placed in one --eye of each animal
by gnetly pulling the lower lid away from the eyeball
to form a cup into which the test substance is dropped.
The lids are then gently held together for one second
and the animal is released. The other eye, remaining
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untreated, serves as a control. For testing liquids,
0.1 milli-liter is used. For solids or pastes, 100
milligrams of the test substance is used, except that
for substances in flake, granule, powder, or other
particulate form the amount that has a volume of 0.1
milli-liter shall be used whenever this volume weighs
less than 100 milligrams. In such a case, the weight
of the 0.1 milli-liter test dose should be recorded.
The eyes are not washed following instillation of test
material except as noted below.
(2) The yeyes are examined and the grade of ocular reaction
is recorded at 24, 48, 72 hours. Reading of
reactions is facilitated by use of a binocular loupe,
hand slit-lamp, or other expert means. After; the
recording of observations at 24 hours, any or all eyes
may be further examined after applying fluorescein.
For this optional test, one drop of fluorescein sodium
ophthalmic solution U.S.P. or equivalent is dropped
directly on the cornea. After flushing out the excess
fluorescein with sodium chloride solution U.S.P. or
equivalent, injured areas of the cornea appear yellow,
this is best visualized in a darkened room under ultra-
89
violet illumination. Any or all eyes may be washed
with sodium chloride solution U.S.P. or equivalent after
the 24-hour reading.
(3) An-animal shall be considered as exhibiting an excessive
reaction if the test substance produces at any of the
readings ulceration of the cornea (other than a fine
stippling), or opacity of the cornea (other than a
slight dulling of the normal luster), or inflammation of
the iris (other than a slight deepending of the folds
(or rugae) or a slight circumcorneal injection of the
blood vessels), or if such substance produces in the
conjunctivae (excluding the cornea And iris) an obvious
swelling with partial eversion of the lids or a diffuse
crimson-red with individual vessels not easily discernible.
(4) The test shall be considered positire if four or more
of the animals in the test group exhibit a positive
reaction. If only one animal exhibits a positive
reaction, the test shall be regarded as negative. If
two or three animals exhibit a positive reaction, the
test is repeated using a different group of six animals.
The second test shall be considered positive if three
or more of the animals exhibit a positive reaction. If
only one or two animals in the second test exhibit a
positive reaction, the test shall be repeated with a
different group of'six animals. Should be third test be
needed, the substance will be regarded as excessively
irritant if any animal exhibits a positive response.
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(5) To assist testing laboratories and other interested
persons in interpreting the results obtained when a
substance is tested in accordance with the method
described in subsection (1) of this section an
"Illustrated Guide for Grading Eye Irritation by
Hazardous Substances" is sold by the Superintendent of
Documents, Government Printing Office, Washington,, D.C.,
U.S.A. The guide contains colour plates depicting
response of varying intensity to specific test solutions.
The grade of response and the substance used to produce
the response will be indicated.
Method for Testing Skin Irritant Properties
3. (1) Primary irritation to the skin is measured by a patch-
test technique on the abraded and intact skin of the
albino rabbit, clipped free of hair. A minimum of six
subjects are used in abraded and intact skin tests.
Introduce under a square patch such as surgical gauze
measuring 1 inch x 1 inch, two single layers thick, 0.5
milliter (in case of liquids) or 0.5 gram (in the case
of solids and semisolids) of the test substance.
Dissolve solids in an-appropriate solvent and apply the
solution as for liquids. The animals are immobilized
with patches secured in place by adhesive tape. The
entire trunk of the animal is then wrapped with an
impervious material such as rubberized cloth for the 24-
hour period of exposure. This material aids in maintain-
ing the test patches in position and records the evapora-
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tion of volatilo substances. After 24 hours of exposure,
the patches are removed and the resulting reactions are
evaluated on the basis of the designated values in the
following table:
Evaluation of skin reactions Value
Erythema and eschar formation
No erythema
Very slight erythema (barely perceptible
Well-defined erythema
Moderate to severe erythema
Severe erythema (best redness) to slight
eschar formation (injuries in depth)
Edema formation:
No edema
Very slight edema (barely perceptible)
Slight edema (edges of area well defined by
definite raising).
Moderate edema (raised approximately l
millimeter)
Severe edema (raised more than 1 millimeter
and extending beyond the area of exposure).
+The "value" recorded for each reading is the average
value of the six or more animals subject to the test.
Readings are again made at the end of a total of 72
hours (48 hours after the first reading). An equal
number of exposures are made on areas of skin that have
been previously abraded. The abrasions are minor
incisions through the stratum corneum, but not












bleeding. Evaluate the reactions of the abraded skin
at 24 hours and 72 hours, as described in this paragraph.
Add the values for erythema and eschar formation at 24
hours and at 72 hours for intact skin to the values on
abraded skin at 24 hours and at 72 hours (four values).
Similarly, add the values for edema formation at 24
hours and at 72 hours for intact and abraded skin (four
values). The total of the eight values is divided by
four to give the primary irritation score. A score of
5 or more is indicative that the substance is excessively
irritant.
(2) A substance shall be not be considered to be excessively
corrosive for the purposes of section 11 of the
Regulations unless it causes visible destruction or
irreversible changes in tissue at the site of application.
(3) A substance shall be considered an excessively strong
sensitizer for the purposes of section 11 of the
Regulations if it causes an allergenic sensitization in
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能 將 其 全 部 收 購 ， 然 後 責 成 廠 家 按 零 售 價 買 回 ， 此 時 廠 家
的 損 失 自 將 不 只 成 本 之 數 。 故 在 品 質 管 制 的 實 施 中 ， 對 於
外 國 政 府 的 法 例 定 須 先 加 以 考 慮 。
9部 的 注 意 力 又 多 集 中 於 生 產 數 量 ， 而 忽 畧 品 質 ， 一 個 獨 立
的 品 質 管 制 部 可 使 品 質 管 制 更 有 效 地 施 行 ， 當 然 成 功 與 否
仍 須 兩 部 門 互 相 合 作 。 雖 然 品 質 管 制 的 方 法 和 品 質 管 制 部
的 地 位 都 十 分 重 要 ， 但 製 品 必 須 出 售 ， 因 此 ， 在 最 後 的 分
析 上 ， 最 重 要 的 是 顧 客 對 品 質 的 要 求 。 由 於 香 港 廠 家 通 常
都 是 接 到 訂 單 才 開 始 生 產 ， 而 有 關 品 質 的 規 定 又 是 由 顧 客
和 公 司 中 的 經 理 協 議 達 成 ， 故 對 於 滿 足 顧 客 的 要 求 當 不 成
問 題 。 惟 最 近 有 些 國 家 訂 立 有 關 危 險 物 品 的 條 例 ， 此 等 條
例 若 不 特 加 注 意 ， 極 易 觸 犯 。 例 如 在 美 國 ， 如 玩 具 在 跌 碎
時 產 生 尖 角 ， 即 作 為 危 險 物 品 論 。 對 於 危 險 物 品 ， 政 府 可
8　 　 品 質 管 制 的 目 的 ， 不 是 要 找 出 次 貨 ， 而 是 要 生 產 符 合
一 定 品 質 標 準 的 貨 品 ， 因 此 品 質 管 制 的 觀 念 ， 須 由 最 高 管
理 階 層 傳 至 最 低 層 ， 在 製 造 過 程 中 所 須 注 意 之 點 應 該 明 白
通 知 管 工 和 工 人 。 當 次 貨 形 成 後 ， 應 立 刻 找 出 造 成 缺 點 的
原 因 。 最 近 工 業 界 所 用 的 不 良 原 因 分 析 圖 ， 或 稱 魚 骨 圖 ，
對 於 分 析 次 貨 形 成 的 原 因 十 分 有 效 。 要 使 品 質 管 制 能 有 效
的 施 行 ， 品 質 管 制 主 任 必 須 是 足 夠 的 權 力 。 就 多 數 香 港 塑
膠 玩 具 廠 而 論 ， 其 品 質 管 制 部 與 生 產 部 彼 此 平 行 ， 這 是 一
個 好 現 象 。 因 為 如 果 品 質 管 制 部 位 於 生 產 部 之 下 ， 則 品 質
管 制 將 只 是 檢 出 次 貨 ， 沒 有 改 變 生 產 方 法 的 權 力 ， 而 生 產
7從 事 品 質 管 制 ， 這 是 最 有 效 和 最 經 濟 的 方 法 ， 因 為 在 一 個
生 產 程 序 中 所 產 生 的 缺 點 會 影 响 以 下 的 程 序 ， 如 果 缺 點 不
及 時 發 現 ， 則 產 品 最 後 將 成 為 次 貨 ， 而 材 料 和 人 工 也 將 因
此 浪 費 。 對 原 料 的 試 驗 ， 最 主 要 是 確 定 顏 色 是 否 會 消 褪 ，
其 次 是 原 料 是 否 含 有 重 金 屬 ， 再 其 次 是 拉 力 和 硬 度 的 試 驗
， 最 後 是 火 燄 試 驗 ， 在 生 產 過 程 中 的 試 驗 ， 模 塑 物 的 品 質
最 為 重 要 ， 因 模 癃 物 常 會 縮 小 或 變 形 ， 對 製 成 品 的 試 驗 ，
主 要 是 外 觀 、 功 能 、 耐 用 性 及 安 全 性 。 由 於 玩 具 一 有 缺 點
， 即 屬 次 貨 ， 故 在 記 錄 檢 驗 結 果 時 ， 通 常 都 是 用 次 貨 率 管
制 圖 。
6至 於 那 些 有 品 質 管 制 的 廠 家 ， 他 們 的 目 的 有 下 列 三 點 ：
　 ⒈ 避 免 因 船 運 所 做 成 的 損 害 。
　 ⒉ 滿 足 顧 客 的 要 求 。
　 ⒊ 遵 守 外 國 政 府 的 法 例 ( 通 常 是 有 關 安 全 方 面 的 規 定 )
設 計 、 外 觀 、 安 全 性 、 顏 色 和 包 裝 是 玩 具 的 最 重 要 性 質 。
通 常 比 較 大 的 工 廠 有 較 多 的 人 員 負 責 品 質 管 制 ， 且 品 質 管
制 部 門 的 地 位 大 多 數 和 生 產 部 門 平 行 ， 由 此 顯 示 出 那 些 廠
家 對 品 質 管 制 相 當 重 視 。 塑 膠 玩 具 廠 家 通 常 是 接 到 訂 單 後
才 從 事 生 產 ， 而 品 質 的 規 定 多 數 是 顧 客 和 公 司 中 的 經 理 所
共 同 達 成 的 協 議 。 品 質 管 制 部 的 主 要 工 作 是 在 生 產 過 程 中
5管 制 圖 的 基 本 形 式 是 畫 一 橫 線 作 為 中 心 線 ， 這 是 統 計 指 標
的 期 望 數 值 。 在 中 心 線 上 下 兩 側 各 畫 一 條 虛 線 作 為 管 制 界
限 ， 然 後 沿 中 心 線 繪 出 檢 驗 所 得 的 數 值 。 若 所 繪 之 點 越 出
管 制 界 限 時 ， 顯 示 生 產 不 穩 定 ， 必 須 查 出 其 原 因 及 採 取 糾
正 措 施 。
　 　 由 作 者 所 作 調 查 結 果 看 ， 香 港 的 塑 膠 玩 具 廠 估 計 約 有
百 分 之 四 十 二 尚 未 實 行 品 質 管 制 ， 其 中 原 因 有 二 ：
　 ⒈ 它 們 都 是 小 型 廠 家 ， 僱 用 不 足 一 百 工 人 。
　 ⒉ 它 們 只 產 低 價 貨 品 ， 顧 客 對 這 些 貨 品 的 品 質 要 求 不
　 　 高 ， 今 如 實 行 品 質 管 制 ， 在 成 本 上 並 不 化 算 。
4大 量 應 用 時 很 不 經 濟 。 驗 規 則 是 一 種 特 別 儀 器 ， 用 來 判 定
品 質 是 否 在 公 差 範 圍 內 ， 使 用 時 不 須 作 調 整 或 查 看 數 值 ，
祇 審 定 產 品 的 合 格 情 況 ， 將 所 有 超 越 規 格 界 限 的 產 品 挑 出
。 產 品 經 檢 驗 後 ， 檢 驗 的 結 果 就 要 記 錄 下 來 。 通 常 作 記 錄
用 的 有 五 種 品 質 管 制 圖 ：
⒈ 平 均 數 與 標 準 差 管 制 圖 (
X
和 6 管 制 圖 ) 。
⒉平均數與變異幅管制圖( X 和 R 管 制 圖 ) 。
⒊ 次 貨 率 管 制 圖 。
⒋
平 均 缺 點 數 管 制 圖 ( C— 管 制 圖 ) 。
⒌ 缺 點 數 管 制 圖 ( C— 管 制 圖 ) 。
3檢 驗 可 分 為 百 分 之 百 檢 驗 和 抽 樣 檢 驗 兩 種 ， 抽 樣 檢 驗 又 可
分 為 首 件 抽 樣 ， 末 件 抽 樣 和 隨 機 抽 樣 三 種 ， 百 分 之 百 檢 驗
是 不 經 濟 的 ， 但 有 時 却 無 可 避 免 ， 因 有 些 產 品 如 有 少 許 缺
點 使 完 全 失 效 。 實 際 上 百 分 之 百 檢 驗 也 不 是 絕 對 準 確 ， 錯
誤 可 能 是 仍 未 找 出 次 貨 或 將 合 格 產 品 作 為 次 貨 。 檢 驗 的 工
具 可 分 為 兩 大 類 ， 就 是 直 接 量 具 和 比 較 量 具 。 直 接 量 具 用
法 簡 便 ， 測 量 時 可 得 產 品 的 實 際 品 質 數 值 ； 比 較 量 具 的 用
法 則 較 為 複 雜 ， 測 量 時 不 能 得 到 產 品 的 實 際 品 質 數 值 ， 而
祇 是 比 較 產 品 和 標 準 件 的 差 異 。 一 般 來 說 ， 比 較 量 具 是 較
為 準 確 ， 量 具 使 用 時 須 經 過 調 整 和 讀 出 數 值 ， 很 費 時 間 。
2　 　 所 謂 好 品 質 ， 就 是 在 某 一 價 格 之 下 能 令 顧 客 滿 意 的 品
質 。 品 質 管 制 必 須 是 預 防 性 的 ， 不 但 要 找 出 次 貨 ， 而 且 還
要 防 止 次 貨 的 產 生 ， 減 少 次 貨 ， 無 形 中 就 是 增 加 生 產 力 和
減 低 成 本 ， 品 質 管 制 可 分 為 下 列 三 個 步 驟 ：
　 ⒈ 找 出 生 產 過 程 中 發 生 的 錯 誤 。
　 ⒉ 分 析 錯 誤 發 生 的 原 因 。
　 ⒊ 採 取 行 動 糾 正 錯 誤 。
　 　 產 品 必 須 有 一 定 的 品 質 標 準 ， 依 據 訂 立 的 標 準 才 可 進
行 品 質 檢 驗 ， 其 中 包 括 原 料 檢 驗 、 半 製 品 檢 驗 和 製 成 品 檢
驗 。 如 發 現 品 質 不 符 合 標 準 ， 就 要 找 出 導 致 錯 誤 的 原 因 。
1　 　 　 　 香 港 塑 膠 玩 具 工 業 的 品 質 管 制 方 法 　 　 　 黃 愷 悌
　 　 塑 膠 工 業 提 香 港 的 第 二 大 工 業 ， 所 包 括 的 範 圍 很 廣 ，
例 如 玩 具 、 假 花 、 日 用 品 等 ， 其 中 玩 具 佔 了 最 大 的 出 口 數
字 。 塑 膠 玩 具 的 主 要 市 場 是 美 國 、 英 聯 邦 、 加 拿 大 和 西 德
， 在 一 九 七 ○ 年 ， 塑 膠 玩 具 廠 的 數 目 為 一 千 零 三 十 二 間 ，
佔 全 港 工 廠 數 目 的 百 分 之 六 ； 工 人 數 目 則 約 為 三 萬 二 千 人
， 佔 全 港 工 人 數 目 百 分 之 五 點 四 。 目 前 塑 膠 玩 具 工 業 正 在
迅 速 發 展 ， 並 在 香 港 工 業 中 佔 有 很 重 要 的 地 位 ， 要 保 持 競
爭 能 力 ， 塑 膠 玩 具 廠 家 必 須 製 造 更 精 巧 的 玩 具 ， 而 有 效 的
品 質 管 制 則 為 先 條 件 。


